Introduction
Scrub typhus, murine typhus and Q fever (QSM) are common infections in tropical areas worldwide and often present as an acute febrile illness of unclear etiology 1, 2 . Scrub typhus is a mite-borne bacterial infection of humans caused by
Orientia tsutsugamushi that results in vasculitis of organ systems 1 . Murine typhus, caused by Rickettsia typhi, is a zoonosis and often presents as acute febrile illness with rash and protean manifestations such as acute hepatitis, pneumonia, meningitis.
The rat flea, Xenopsylla cheopis, is the main vector, and rodents and arthropods are natural reservoirs 3 . Q fever, caused by Coxiella burnetii, is a zoonosis worldwide 2 ].
Acute Q fever is more common than chronic infection, presenting with acute febrile illness with acute hepatitis or pneumonia 4 . Scrub typhus, murine typhus and Q fever shared similar clinical presentations at the initial stage of diseases. In Taiwan, these three diseases is the top three common rickettsial and rickettisosis-like diseases. Early differential diagnosis of these diseases is difficult. Usually, the definite diagnosis should have at least a four-fold increase in IgG titers between acute and convalescent sera. It means that the definite diagnosis will be available about two weeks later after admission or first visit. For suspected cases of scrub typhus, murine typhus, and Q fever, doxycycline is empirically prescribed to save lives. Therefore, it would be reasonable to put the three disease entities together with further analysis. However, the characteristics of these three diseases among elderly patients, whose immune status is different from young patients, are not very clear. In the study, we aimed to investigate the clinical and laboratory characteristics of QSM in elderly patients. We also analyzed the potential predictors on severe complications of QSM among elder patients.
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Materials and methods
We included cases of scrub typhus, murine typhus, and Q fever from three hospitals in southern Taiwan, including two medical centers and one regional hospital, between 2002-2011. Any elderly patient whose age was more than 65 years was referred to one of these 5 . Cases aged less than 18 years were excluded. The characteristics of elderly (age ≧65 years) and non-elderly adults (age, 18-64 years)
with scrub typhus, murine typhus, and Q fever (QSM) were retrospectively analyzed.
Ethics Statement
This study was approved by the Institute Ethics Committee of Kaohsiung Medical University Hospital, Kaohsiung, Taiwan (KMUH-IRB-970216) and all data analyzed was anonymized.
We evaluated the following clinical presentations, and laboratory findings: fever, chills, headache, dizziness, joint pain, diarrhea, cough, sputum, dyspnea, rhinorrhea, nausea, abdominal pain, skin rash, lymphadenopathy, eschar, initial aspartate aminotransferase (AST), initial alanine aminotransferase (ALT), alkaline-phosphatase, γ-glutamyl transpeptidase, lactic acid dehydrogenase, serum creatinine, initial C-reactive protein, initial white blood cells, initial hemoglobin, and platelets in the blood. We also observed severe complications in these patients. Severe complications of scrub typhus, murine typhus, Q fever were defined if the following conditions were shown: (1) meningitis, (2) acute respiratory distress syndrome (ARDS), (3) acute renal failure, (4) disseminated intravascular coagulopathy (DIC), (5) shock (6) pancreatitis and (7) death 6 .
All the above three diseases were confirmed by the Centers for Disease Control,
Taiwan. The diagnosis of Q fever was made based on the presence of fever and a compatible serologic profile, which included at least a four-fold increase in phase II IgG titers comparing the acute and convalescent sera or the presence of a significant M A N U S C R I P T A C C E P T E D Relative bradycardia is defined as an increase in the heart rate by <10
beats/minute/ºC increase in temperature, in the absence of cardiac arrhythmia, pacemaker, or beta-blocker usage 10, 11 . Hyperbilirubinemia was defined as serum levels of total bilirubin ≥ 1.4g/dL. Prothrombin time (PT) >12 seconds signifies PT prolongation. Activated partial thromboplastin time (aPTT) > 33 seconds signifies aPTT prolongation. Defervescence was defined as an axillary body temperature of less than 37.5°C for three consecutive days. The disappearance of constitutional symptoms was regarded as a clinical response to antimicrobial therapy. A patient with a heart rate of less than 110 beats per minute in conjunction with a high fever (≥ 38.9°C), in the absence of cardiac arrhythmia, pacemaker or beta-blocker agents usage, was considered as having relative bradycardia 10, 11 . Acute renal failure was defined by an increase in serum creatinine of at least 0.5 mg/dL if the baseline was less than 2.5 mg/dL, or an increase in serum creatinine by more than 20% if the baseline was more than 2.5 mg/dL, or the need for acute renal replacement therapy 12 .
A diagnosis of ARDS was defined by the presence of all of the following criteria In the Q fever group, the elderly group had a significantly higher level of CRP (128 vs 84, p=0.005) ( Table 4 ). In the murine typhus group ( 
.04), and had lower incidence of lymphadenopathy (12% vs 33%, p=0.033).
Among the three diseases, a higher rate of severe complications (21% vs 3%, p=0.018) was only observed in the elderly cases with murine typhus (Table 5 ).
In addition, we divided cases into two groups: cases with severe complications (20 cases) and the group without severe complications (421 cases) to elucidate the characteristics of cases with severe complications (Table 2 ). In the severe complications group (Table 2) , we found they had higher rates of being elderly (p=0.022), lower rates of relative bradycardia (p=0.004) and fever (p=0.004), higher rates of dyspnea (p=0.006), prolonged prothrombin time (PT) (p=0.002), and a higher level of initial CRP (p=0.039), a higher level of initial white blood cell (p=0.01), and a lower level of initial platelets (p=0.012). In multivariate analysis, only prolonged prothrombin time (p=0.018, C.I 95% 0.013~0.662) was significantly associated with severe complications. Cases with severe complications had a longer hospitalization duration (p=0.023) and had a higher mortality (p< 0.0001) ( Table 2) .
Discussion
For the three tropical diseases, the elderly had less fever and constitutional symptoms (such as chills, headache, and joint pain). The elderly had a significantly higher severe complication rate. A higher mortality trend was also observed but without statistical significance in the study of 441 cases. In general, the aging-adherent co-morbidities and waning immunity posed a substantial risk for fatality in elderly patients with active infection 16 . The cause of high mortality of the elderly infected was possibly because of more comorbidities in this population 17, 18 .
Besides, older age could be a factor leading to delayed diagnosis of scrub typhus 18 .
Our findings on the three tropical diseases cases revealed a similar poor prognosis when the elderly became infected.
Taking the age distribution of cases of scrub typhus as an example, 62% cases were 51−75 years old, and 14% cases were ≧ 76 years old and the oldest case was 91 years old in a Japan study [1] . In this study, conducted in southern Taiwan, 52.4%
(98/187) cases were 51−75 years of age, and 4.3% (8/187) cases were ≧ 76 years old and the oldest cases was 81 years old. In an eastern Taiwan study 19 , 50-to 69-year-olds reached 47.4%, and 60-to 69-year-olds reached 23.9%. All the above revealed a significant proportion of scrub typhus cases were elderly. It may be due to the fact that most young people move to urban areas for work and the elderly are left to work as farmers on their own land. It is therefore necessary to understand the clinical manifestations of the elderly.
Regarding the severe complications, we found the elderly had lower rates of relative bradycardia and fever, higher rates of dyspnea with worse laboratory value M A N U S C R I P T
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(prolonged prothrombin time, a higher level of initial CRP, a higher level of initial white blood cell, and a lower level of initial platelets). As a result, cases with severe complications had a longer hospitalization duration and a higher mortality. Only one 70-year-old with murine typhus and two cases of scrub typhus (60 y/o, 37 y/o) developed ARDS and died. The overall mortality rate of scrub typhus, murine typhus and Q fever was 0.68% in this study. A higher mortality trend of the elderly was found, but without statistical significance, which might be due to the small case number. In previous studies, the mortality rates of scrub typhus cases were 1.5~3%, but the mortality rate for the scrub typhus patients with ARDS was 25% in Though a recent study of murine typhus in returned travelers and child murine typhus showed no deaths 24-25 , the mortality rate was 0.86% in a large study of murine typhus 26 . With regard to the mortality rate of Q fever, the limited data of Q fever in Taiwan has revealed no mortality 27 , but the largest Q fever study showed a mortality rate of 2.42% in the world 4 . In short, the overall mortality of these three tropical diseases in our study was lower than most previous studies. It could be attributed to the physicians' alertness to these diseases and the easy access of medical help in Taiwan.
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Delayed discharge was mainly associated with cognitive impairment, and functional dependence in elderly hospitalized medical patients 28 and high C-reactive protein level independently predicted prolonged hospital length of stay in hospitalized elderly patients found in previous studies 29 . In our study, we found the elderly individuals had higher level of initial CRP, but the hospitalization period was not significantly prolonged. A careful observation of the elderly cases with these tropical diseases is required for the higher chances of severe complications. A significantly higher rate of severe complications was only observed in the elderly cases with murine typhus among these three diseases. However, the exact mechanism for this cannot be elucidated in the study.
Concerning complications of these diseases, the complications in Q fever were mainly jaundice and pneumonia 27 , and the largest Q fever cohort study showed case fatality was due to ARDS and heart failure 4 . Murine typhus could develop into severe illness, such as ARDS, aseptic meningitis, and ARF 23 . Scrub typhus might be complicated with pneumonia, hyperbilirubinemia, ARDS, DIC and ARF 20, 22 . For scrub typhus, severe complications have been found in cases of age ≥ 60 years, the absence of eschar, WBC counts > 10, 000/mm 3 and albumin ≤ 3.0 g/dL 22 and risk factors leading to fatal outcome including absence of eschar, event of intensive care unit admission and higher APACHE II score 30 . In our analysis, PT prolongation was the only independent factor significantly associated with the severe complications of QSM. The prolonged PT could be a warning sign for severe complications among these elder patients.
The limitations of this study are as follows. First, this is a retrospective study, so some data about underlying diseases were missing. Second, the case number for analysis of the cause of death is small.
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In summary, we found that the elderly had a significantly higher rate of severe complications. Prolonged prothrombin time is an independent prediction factor for severe complications for these diseases among elderly patients. 
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